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and high rates of clutch loss and replacement (Lank et al.
1985; Tarboton 1995; Butchart et al. 1999; Mace 2000),
but less applicable to Arctic species, which have short nest-
ing seasons and reduced rates of clutch loss and replace-
ment (Erckmann 1983; Lenington 1984; Oring 1986).

Two detailed studies of phalaropes provide differing
information about the relationship between predation/
renesting and the prevalence of polyandry (Reynolds
1987; Colwell & Oring 1988a). Predation rates in a 5-year
study of Arctic-nesting red-necked phalaropes, Phalaropus
lobatus, were not high (X ¼ 35%, annual range 18e62%)
and renesting rates were low (18%). Nevertheless, at least
60% of second mates of polyandrous females were
renesting males (Reynolds 1987). Reynolds (1987) con-
cluded that the main constraint on polyandry was male
availability, and predicted that higher nest losses, espe-
cially early in the season, should increase the operational
sex ratio (OSR, expressed as available males/competing
female; Emlen & Oring 1977), and thereby increase
polyandry rates. In contrast, clutch losses in Wilson’s
phalaropes, P. tricolor, were higher (68e87%) and a greater
proportion of males renested (24e36%; Colwell & Oring



A bird was considered paired if it: (1) consistently
tolerated another bird’s approaches within 0.5 m and was
seen associating for 2+ days, (2) mutually nest-scraped
with another, or (3) was nonaggressively associated with
another bird at a nest prior to clutch completion. We kept
daily notes on banded birds sighted while searching for
specific pairs for focal pair observations. Banded birds were
scored as alone or paired. These data were used to estimate
the number and status (C0-, C1-, or C1P-) of unpaired
females available to previously mated males that were
seeking replacement clutches following nest failure. This
analysis was necessarily restricted to females of known
nest history. A female who lays a male’s first clutch is
termed his ‘primary clutch’ female (C1P-female). If this
clutch is lost, a ‘replacement clutch’ might be produced by
the C1P-female, or by a C0- or other C1-female during
a second pairing and nesting attempt. Cloacas of females
who had not laid eggs measured 2e3 mm, whereas those
of laying or postlaying females measured 5e6 mm. We
calculated an annual rate of polyandry as the proportion
of nesting, banded females laying clutches for more than
one male.

We established nest initiation dates by finding nests
during the egg-laying stage, by floating eggs to estimate
their relative density (Sandercock 1998), or by backdating
from hatching dates. Time between clutches was defined
as the interval between clutch loss and the deposition of
the first egg in the next clutch. The timing of clutch loss
was determined by the sudden renewal of courtship
behaviour by previously incubating males followed by
confirmation of loss by a nest visit, by inspection during
routine fieldwork, or by collection of eggs. Nests were
included in this analysis only if we were able to estimate
the interclutch interval within 6 h.

We defined ‘replaceable nest losses’ (Erckmann 1983) as
losses occurring early enough in the nesting season such
that birds had the possibility of renesting (i.e. losses prior
to a seasonal cutoff date for laying, calculated as 5 days
before the first egg date of the last clutch laid each season).



Male Mate Choice

About 80% (range 57e93% annually) of potentially
replaceable nest losses were replaced (Table 1). We knew
the nesting history for 65 of the 81 females that replaced
males’ clutch losses. Males renested with C1P-females in
66% of the cases. In 86% of the 22 cases where males
changed mates, the C1P-female was either paired with
another male (N ¼ 8) or had left the area (N ¼ 11). Only
6% (3 of 46) of all renesting males changed mates when



energetically stressed (Whitfield 1990). There was no
decline in clutch size in second clutches produced by
the same female. Likewise, there was no difference in the
time needed to replace a lost clutch by C0- versus C1-
females, although our statistical power was low. Within
females, eggs in second clutches were actually larger than
those in first clutches; eggs in first and second clutches of
polyandrous females are significantly larger than those
of monogamous females (Schamel 2000). The similarity of
mean loss dates of replaceable clutches that were replaced
and not replaced is not consistent with the egg-limitation
hypothesis. Our data came from females that produced
multiple clutches. Eggs in second clutches of polyandrous
females were significantly larger than those of females
producing second clutches monogamously. In shorebirds,
there is some evidence that larger eggs not only result in
larger chicks, but that larger chicks have greater survival
(Galbraith 1988; Grant 1991). Our evidence that poly-
androus females produce larger eggs than monogamous
females, and are not delayed in second clutch production,
thus suggests they may be of higher quality than
monogamous females (Schamel 2000). Despite this, males
mostly avoided polyandrous matings (see below).

Male Availability

Ideally, we would have indexed male availability di-
rectly through OSR (e.g. Lank et al. 1985). Unfortunately,
OSR in phalaropes is difficult to assess, because this is
a nonterritorial species and individuals may range quickly
over many square kilometres in search of prospective
mates (Schamel & Tracy 1977; Reynolds et al. 1986;
Colwell & Jehl 1994). Instead, we used the ratio of
replaceable clutch losses (clutches lost early enough in
the nesting season to be replaced) to total nesting males,
to provide an index of recycled males. We reasoned that
a high proportion of recycled males would provide
females with increased opportunities to produce multiple
clutches.



locally than when the original female was present, as
predicted if the risk of EPF is a consideration for male mate
choice.

One means to lessen the EPF risk is to lengthen the
prelaying period, since sperm loss may be a passive process
in birds (Birkhead & Fletcher 1995). Our data suggest a
possible (P ¼ 0:08) 0.5-day delay in egg laying in poly-
androus pairs, compared with same-pair renests, but
whether males could cause this brief delay is unknown.
A confounding factor is previous mate familiarity; this
delay may be attributable to the time needed for mate
assessment and pair formation.

There are alternative explanations why males might
prefer to mate with the C1P-female. Whatever factors led
to the choice of this particular female initially may still
hold, although renesting males usually have numerous
available females from which to select. Monogamy also
reduces the potential risk of sexually transmitted diseases
(Lombardo 1998; Westneat & Rambo 2000), which can
adversely affect reproductive success (Sheldon & Verhulst
1996). We did not collect data to assess either of these
hypotheses.

Our data show an apparent paradox. On one hand,
a majority (76%) of polyandrous females replaced clutches
for males. These data support the hypothesis that clutch
losses can promote the frequency of polyandry in red-
necked phalaropes, by releasing males back into the
breeding pool. On the other hand, males chose to renest
with their original females 94% of the time that these
females were available. Thus, nest-loss-generated potential
for polyandry is realized primarily if the original female is
not available for the renesting male. These findings
support Whitfield’s (1990) hypothesis that polyandry in
phalaropes is constrained by male avoidance of cuckoldry,
but not through a simple preference for previously un-
mated females, as he suggested. Instead, these data suggest
that the breeding system of phalaropes, like that of
spotted sandpipers and jacanas, is fundamentally a renest-
ing system that favours male incubation. However, in
contrast to spotted sandpipers and jacanas, which obtain
multiple mates by controlling access to resources, phala-
ropes obtain sequential multiple mates primarily when
original females are unavailable for renesting males.
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